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RESEARCH MEMORANDUM 
for the 

Air Materiel Conanand, Amy Air Forces 
ALTITUDE-WIND-TUNNEL INVESTIGATION OF PERFORMANCE OF SEVERAL 
PROPELLERS ON YP-47M AIRPLANE AT HIGH BLADE LOADING 
I - AEROFROEUCTS H20C-162-X1IM2 FOUR-BLADE PROPELLER 
By Martin J. Saari and Lewis E. Wallner 


SUMMARY 

An investigation was made in the Cleveland Altitude wind tunnel 
to determine the performance of an Aeroprodncts H20C-162-X11M2 four- 
hlade propeller on a YP-47M airplane at high "blade loadings and high 
engine powers. The propeller characteristics were obtained for a 
range of power coefficients from. 0.30 to 1.00 at free-stream Mach / 
numbers of 0.40 and 0.50. The results of the force measurements are * 
indicative only of trends in propeller efficiency with changes in t 
power coefficient and advance-diameter ratio "because unknown inter- 
ference effects existed during the investigation. 

At a free-stream Mach numbor of 0.40, the envelope of the effi- 
ciency curves decreased about 8 percent between advance -diameter 
ratios of 1.80 and 4.20. Nearly constant maximum efficiencies were 
obtained at power coefficients from 0.30 to 0.60 for advance -diameter 
ratios from 1.70 to 2.40. The advance -diameter ratio for peak effi- 
ciency increased as the power coefficient was increased. For advance - 
diameter ratios below 2.90 the propeller efficiency decreased rapidly 
at power coefficients above 0.60 apparently caused by blade stall. 

In the range of advance-diameter ratios above 2.90, the propeller 
efficiency improved as the power coefficient increased. 

At a free-stream Mach number of 0.50, the envelope of the effi- 
ciency curves decreased about 11 percent between advance -diameter 
ratios of 2.40 and 4.40. An increase in power coefficient from 0.30 
to 0.80 at an advance -diameter ratio of 2.40 had little effect on the 
propeller efficiency. A change in power coefficient from 0.40 to 1.00 
at an advance-diameter ratio of 4.40 increased the propeller efficiency 
by about 40 percent. 
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For conditions 'below the stall the thrust loading on the outboard 
blade sections increased more rapidly than on the inboard sections as 
the power coefficient was incr eased or as t h e advance -diameter ratio 
was decreased. For conditions beyond the stall the thrust loading 
decreased an the outboard sections and increased on the inboard 
sections. 


INTRODCTCTION 

Propeller investigations conducted in NACA wind tunnels at high 
blade loadings (power coefficients up to 1.8), low airspeeds, low 
engine powers and low propeller rotational speeds are reported in 
roferonces 1 to 3. Other studies made in flight at high airspoeds, 
engine powers and engine speeds but at relatively low power coeffi- 
cients (up to 0.40) sire reported in references 4 to 7. Developments 
in aircraft power plants providing high powers at high altitudes make 
necessary the investigation of propeller performance at high power 
coefficients, engine powers, propeller rotational speeds and relatively 
high, airspeeds. 

An investigation of the performance characteristics of several 
propellers on the 1CP-47M airplane at high blade loadings ..lists been 
conducted in the Cleveland altitude wind tunnel at the request of the 
Air Materiel Command, Army Air Forces. As part of this investigation 
the efficiencies and blade thrust load distributions were determined 
for the Aeroproduots E20C-162-X11M2 four-blade propeller over a wide 
range of operating conditions. Similar data are being obtained on 
other propellers . 

The range of power coefficients covered was from 0.30 to 1.00 at 
free-stream Mach numbers of 0.40 and 0.50. The engine combustion air 
was supplied to the turbosupercharger at sea-level conditions and the 
propeller was operated at density altitudes from 20,000 to 45,000 feet. 
Engine powers ranged from 150 to 2000 brake horsepower and engine 
speeds from 1100 to 2900 rpm. The blade thrust load distribution was 
obtained from two diametrically opposed slipstream survey rakes. 
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PBOPELLER AND POWER PLANT 

A desoriptiaa of tlie propeller and power plant Is as follows: 


Propeller 

Hub 

Blade design. 

Number of blades ..... 

Blade sections 

Propeller diameter .... 
Activity factor^- ..... 
Propeller gear ratio . . . 

Engine 

War emergency power rating: 
Bigine speed, rpm .... 
Manifold pressure, in, Hg 
Brake horsepower .... 
Military power rating: 
Engine speed, rpm .... 
Manifold pres stir e, in. Big 
Brake horsepower .... 
Normal power rating: 

Engine speed, rpm .... 
Manifold pressure, in. Hg 
Brake horsepower .... 


A642E-X1? 

Aeroproducta H20C -162 -X11M2 

four 

. NACA 16 series 

..... 12 feet 7 inches 

107 

• 20:9 

R-2800-73 

2800 

72^0 

2600 

2800 

53.5 

. . 2100 

........... 2600 

41.5 

1700 


■^Phe actiirity factor is a nondimens ional function of the propeller 
plan form designed to empress the integrated capacity of the 
propeller blade elements for absorbing power (reference 8) and 
is expressed as 


A.F. 


100,000 

16 



where 

b blade width at radius r 

D propeller diameter 

E propeller radius to tip 

r radius of any blade element 

The propeller blede-foim characteristics are given in figure 1. 

A photograph of an Aeroproducts H20C -162 -Z11M2 propeller blade is shown 
in figure 2. 
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A PPAEATUS 

A fuselage of a YP-47M airplane with stub. wings was installed 
in the 20-foot -diameter test section of the wind tunnel with the 
thrust axis of tho airplane parallel to and about 12 inches above 
the axis of the test section. The Aeroproducts H20C-162-X11M2 pro- 
peller and the E-2800-73 engine were incorporated in the airplane as 
shown in figure 3. The engine, was provided with’ refrigerated com- 
bustion air at sea-level pressure from an external source by a duct 
passing through the left, wing stub and the fuselage to the inlet of 
the turbosupercharger. The oombustlon-air temperature was maintained 
at approximately 10° F. 

. Pressure and temperature surveys were made at all cooling-air 
inlets anri outlets and exhaust-gas outlets to determine the internal 
momentum losses and exhaust- jet thrust. Pressures were measured by 
water manometers and were photographically recorded. The temperatures 
were recorded by self-balancing potentiometers. 

Engine horsepower was measured within ±2 percent by a calibrated 
Pratt & Whitney torquemeter and a pressure gage. Propulsive thrust 
was measured ansi recorded by tho tunnel drag balance, which measures 
tho resultant force on the airplane in the direction of the thrust 
axis. 


A survey was conducted of the total pressure in the propeller 
slipstream by two rakes, each consisting of 32 shielded total-head 
tubes inches apart, one on each side of the airplane 46 inches 

behind the propeller disk as shown in figure 4. The rakes were 
attached to the tunnel wall in the horizontal plane of tho thrust 
axis and extended to within three -fourths inch of tho engine cowling. 


PROCEDURE 

The readings of temperature, pressure, horsepower, and the 
resultant thrust force were obtained for a range of power coefficients 
from 0.30 to 1.00 at free -stream Mach numbers of 0.40 and 0.50. Den- 
sity altitudes from 20,000 to 45,000 feet were simulated for engine 
powers from 150 to 2000 brake horsepower at engine speeds from 1100 
to 2900 rpm. Runs were made with the propeller removed at the 
beginning and the end of the program for ranges of tunnel airspeeds, 
density altitudes, and cowl flap deflections. 
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REDUCTION OF DATA. 


The external drag D e of the installation was evaluated as the 
difference between the total drag D and the internal cooling-air 
momentum, losses D^ obtained from' runs with the propeller removed. 

The external -drag values obtained at the end of the program were as / 
much as 9 percent greater than the values obtained at the beginning 
of the program. The increase is attributed to the deterioration of 
the installation by distortion of surfaces and accumulation of dirt 
on the surfaces of the airplane. An average of the two drag coeffi- 
cients was used in calculation of external drag. 


An attempt was made to correct the installation drag for differ- 
ences in horizontal buoyancy between propeller-removed and propeller- 
operating conditions by the methods given in references 9 and 10 but 
the results were too inconsistent to be reliable and were therefore 
not applied. No effort was made to correct the Installation drag 
for the effects of the propeller slipstream. The change in free- i 

stream velocity in the plane of the propeller disk resulting from \ 

j.nf low, tunnel-wall constriction and proximity of the airplane 
cowling was not determined. 

The propeller thrust T was determined by 

T - T p + D e + *>i - Tj 

where 

/ 

Tp propulsive thrust read on drag scale, pounds 

Tj jet thrust of exhaust gases, calculated from pressure, and 
temperature surveys in exhaust- gas outlets, pounds 

The value of T as defined is an approximate value because, corrections 
for tunnel -vail constriction vere not applied. 

The thrust coefficient C T vas calculated from 


Crp 


T 

pn 2 D 4 


where 

p free -stream density, slugs per cubic foot 
n propeller rotational speed, revolutions per second 

D propeller diameter, feet 
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The power coefficient Cp was calculated from. 

o _ P 
P ' n*>5 

where P is the engine power in foot pounds per second. The propeller 
efficiency ri was computed from 



where J is the advance -diameter ratio v/nD, Y being the tunnel 
free-stream velocity. 

The propeller tip Mach number Mj. was calculated from 

where Mq is the free-stream Mach number. 

i . Propeller efficiencies were also determined by the slipstream 

| l survey method described in references 3 and 5 but the results were 
\ \ inconsistent with the values obtained from force measurements. The 
surveys are of value, however, in showing the blade thrust load 
distribution for various operating conditions. The blade thrust 
loading is presented as the rise in total-head pressure H s - H 0 
across the propeller disk where H s is the total pressure measured 
by the slipstream survey rake and H 0 is the free-stream total 
pressure . 

The results of the force measurements indicate primarily the 
trend of propeller efficiency with changes in power coefficient and 
and advance -diameter ratio because corrections for tunnel-wall con- 
striction effects on the installation were not applied. 


RESULTS AND DISCUSSION 

The propeller characteristics for various blade loading conditions 
are presented separately for free-stream Mach numbers of 0.40 and 0.50 
because it is not possible to compare the data obtained at different 
free-stream Mach numbers. Slipstream surveys are presented to illus- 
trate blade thrust load distribution in terms of the total-pressure 
rise across the propeller disk for certain operating conditions. 
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Free-stream Mach, number, 0.40 . - The variation of propeller 
efficiency t] with advance -diameter ratio J for values of power 
coefficient Cp from. 0.30 to 1.00 at a free-stream Mach number of 
0.40 is shown in figure 5. The variation of propeller efficiency 
with power coefficient is shown in figure 6 for three approximately 
constant values of advance -diameter ratio. .The dashed curves were 
cross -plotted from an extrapolation of figure 5. 

. . c ~ $ * 

The effect of increasing the power coefficient from 0.30 to 1.00 
was to reduce the propeller efficiency at low advance-diameter ratios 
and to increase the efficiency at high, advance -diameter ratios. The 
envelope of the efficiency curves decreased about 8 percent "between 
advance -diameter ratios of X.80 and 4.20. In the range of advance- 
diameter ratio from 1.70 to 2.40, maximum efficiencies were obtained 
at power coefficients from 0.30 to 0.60. (See fig. 5.) The advance- 
diameter ratio for peak efficiency increased with power coefficient. 
Serious losses in propeller efficiency "became evident at values of 
advance-diameter ratios from 1.70 to 2.90 for values at power coeffi- 
cients above 0.60. (See figs. 5 and 6.) These losses may be attri-. 
buted to blade stall caused by high operating angle of attack and by 
tho probable reduction of the maximum section lift coefficient asso- 
ciated with high operating tip Mach numbers. (See references 11 
and 12.) In order to illustrate the magnitude of these losses in 
efficiency, a change in power coefficient frcaa 0.60 to 0.70 at an 
advance -diameter ratio of 1.75 resulted in a 20-percent reduction in 
efficiency. A further change in power coefficient from 0.70 to 0.90 
reduced the efficiency an additional 20 percent. For values of 
advance-diameter ratio above 2.90 the propeller efficiency increased 
as the power coefficient was increased from 0.30 to 0.80 (figs* 5 
and 6) . 

The effect of power coefficient on blade thrust load distribution 
is shown by the slipstream surveys in figure 7, which correspond to 
the conditions of figure 6 for an advance -diameter ratio of 1.75. The 
blade thrust load distributions for power coefficients from 0.30 to 
0.59 were uniform and similar except that as -the power coefficient was 
increased the loading on the outboard sections increased more rapidly 
than on the inboard sections. (See figs. 7(a) to 7(d).) "When the 
power coefficient was changed from 0.59 to 0.69, blade stall, indi- 
cated by a reduction in total-pressure rise, occurred on the outboard 
sections, which caused the loading on the inboard sections to increase 
(fig. 7(e)). The increased loading an the inboard sections apparently 
originates f ran. tip stall. At constant power operation, stalling of 
the propeller-blade tips creates a torque unbalance for which the 
propeller compensates by an increase in blade angle. The increased 
blade angle causes additional sections inboard of the tips to stall 
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and the stall region progresses gradually inboard until a state of 
torque equilibrium is reached. Because of the blade angle increase, 
the unstalled inboard sections operate at high lift coefficients and 
consequently the thrust loading is high. At values of power coef- 
ficient of 0.78 and 0.90 the region of stall extended inboard as far 

as (r s /R)^ = 0.40 or more than 35 percent of the blade span. (See 
figs. 7(f) and 7(g).) 

The difference between the right-side and left-side surveys was 
I apparently due to an upward inclination of the approaching air stream 
[ to the propeller axis caused by the lift of the wing. The right, or 
! dawngoing, blades therefore operated at higher angles of attack than 
the left, or upgoing, blades and thus produced more thrust. For the 
• same reasons, the right blades stalled earlier and the losses due to 
stall were slightly greater than for the left blades. This phenomenon 
is explained in. greater detail in references 6 and 13. 

The development of blade stall for power coefficients of 0.70 
and 0.90 is shown in figures 8 and 9, respectively. For a power 
coefficient of 0.70 and an advance -diameter ratio of 4.00, tho thrust 
loading over the blades was very low especially at the tip sections 
(fig. 8(a)). At a constant Cp, a reduction in J resulted in an 
increase of angle of attack and section lift coefficients; the thrust 
loading increased steadily up to the stall point. (See figs. 8(b) 

»nrt 8(c).) Blade stall was evident at an advance -diameter ratio of 
1.73 and at an advance -diameter ratio of 1.58 the stall, further* 
aggravated by increased angle cf attack and tip Mach number, extended 
to sections as far inboard as (r 0 /R) 2 = 0.40 (fig. 8(e)). The 
survey shown in figure 8(e) illustrates, as previously discussed, that 
the right-side blades stall first and the losses in thrust are slightly 
greater than on the left-side blades. The stall developed in a similar 
manner for a power coefficient of 0.90 except that it occurred at a 
somewhat higher advance -diameter ratio owing to the greater required 
blade angle. The initial stall apparently occurred at an advance- 
diameter ratio between 2.94 and 2.07 because at 2.07 the stall was in 
an advanced stage. (See figs. 9(a) and 9(b).) A further reduction 
in advance -diameter ratio resulted in stalling of all sections outboard 
of (r s /R) 2 =0.40. (figs. 9(c) and 9(d)). 

Free-etream Mach number, 0.50 . - The variation of propeller effi- 
ciency with advance -diameter ratio for power coefficients from. 0.30 
to 1.00 at a free-stream Mach number of 0.50 is presented in figure 10. 
The variation of propeller efficiency with power coefficient at approx- 
imately constant values of advance -diameter ratio is shown in figure 11. 
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The envelope of the efficiency curves decreased about 11 percent 
"between advance-diameter ratios of 2.40 and 4.40. An Increase in 
power coefficient from. 0.30 to 0.80 at an advance -diameter ratio of 
approximately 2.40 had little effect on the propeller efficiency and 
nearly constant maximum efficiencies were obtained. (See fig. 10.) 

As the advance -diameter ratio was increased from 2.40 to 4.40 the 
effect of increasing the power coefficient became more pronounced. 

A change in power coefficient from. 0.40 to 1.00 at an advance-diameter 
ratio of 4.40 increased the propeller efficiency by about 40 percent. 
(See figs. 10 and 11.) 

The effect of power coefficient on blade thrust load distribution 
is shown by the slipstream surveys in figure 12, which correspond to 
conditions of figure 11 for an advance-diameter ratio of about 2.80. 

A change in power coefficient from. 0.30 to 0.83 resulted in a uniform 
increase in thrust loading over the blade span. There were no signif- 
icant irregularities in the thrust load distribution curves that would 
indicate blade stall at any power coefficient. Similar surveys are 
presented in figure 13 for a range of power coefficients frcm 0.42 to 
0.93 at an advance -diameter ratio cf approximately 4.40. At a power 
coefficient of 0.42 the thrust loading was very low particularily an 
the outboard sections £?lg. 13(a)). As the power coefficient was 
increased to 0.93, the thrust loading on the inboard sections remained 
nearly constant and the loading on the outboard sections increased 
(figs. 13(b) to 13(d)). The surveys indicate that the thrust loading 
at high advance-diameter ratios could be considerably increased before 
adverse effects due to stall would be encountered. 

Slipstream surveys for power coefficients of 0.70, 0.90, and 1.00 
are presented in figures 14 to 16, respectively, for a. range of 
advance -diameter ratios. In general, as the advance-diameter ratio was 
reduced at a given power coefficient the thrust loading on the outboard 
sections increased more rapidly than on the inboard sections. Within 
the range of advance -diameter ratios investigated, there was no evi- 
dence of blade stall for the power coefficients obtained. 

A comparison of figures 14(b) and 8(b) shows that the thrust load 
distribution curves are similar for conditions run at approximately 
the same power coefficient and advance -diameter ratio but different 
tip Mach numbers. A similar comparison of figures 15(b) and 9(a) 
further indicates that below the stall a moderate increase in tip 
Mach number had little effect on blade thrust load distribution. 
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SUMMARY OR RESULTS 

Corrections for the effects of tunnel-wall constriction on 
propoller characteristic parameters and_ on the installation have not 
teen applied and the propeller efficiencies therefore only serve to 
show the comparative effects of "blade loading on propeller performance. 
The investigation in the altitude wind tunnel of the performance at 
high "blade loadings of an Aeroproducts H20C -162 -Z11M2 four-blade pro- 
peller on a YP-47M airplane indicated; 

1. At a froe-stream Mach number of 0.40, the envelope of the 
efficiency curves decreased about 8 percent between advance -diameter 
ratios of 1.80 and 4.20. Nearly constant maximum efficiencies were 
obtained for power coefficients frcaa 0.30 to 0.60 at advance- 
diameter ratios from 1.70 to 2.40. The advance -diameter ratio for 
peak efficiency increased as the power coefficient was inoreasod. 

In the low range of advance-diameter ratios (1.70 to 2,90), losses in 
propeller efficiency resulting from blade stall occurred at power 
coefficients above 0.60; an increase in power coefficient from 0.60 
to 0.70 reduced the efficiency as much as 20 percent. For advance- 
diamotor ratios above 2.90, the propeller efficiency increased as tho 
power coefficient was increased _fr cm 0,30 to 0,80. 

2. At a free-stream Mach number of 0.50, the envelope of. the 
efficiency curves decreased about 11 percent between advance -diameter 
ratios of 2.40 and 4.40. An increase in power coefficient from 0.30 
to 0.80 at an advance -diameter ratio of 2.40 has little effect on 
the propeller efficiency. A change in power coefficient from 0,40 
to 1.00 at an advance-diameter ratio of 4.40 increased the efficiency 
hy about 40 percent, 

3. For conditions below the stall the thrust loading on the 
outboard blade sections increased more rapidly than on the inboard 
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sections as tlie power coefficient was increased or as the advance- 
diameter ratio was decreased. For conditions beyond the stall the 
thrust loading decreased on the outboard sections and increased on 
the inboard sections. 
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Figure 1. - Blade -form curves for Aeroproducts E20C-162-J11M2 
four -"blade propeller, b, section chord; D, diameter; 
h, section thickness; R, radius to tip; r, section 
radius F-l 


Figure 2. - Aeroproducts H20C-162-X11M2 propeller "blade. . . F-2 


Figure 3. - Front view of YP-47M airplane with Aeroproducts 
H20C -162 -X11M2 four -blade propeller installed in test 
section of altitude wind tunnel F-3 


Figure 4. - Top view of TP-47M airplane in test section of 
altitude wind tunnel showing propeller- slipstream, survey 
rakes. ......... ............ F-4 


Figure 5. - Characteristics of Aeroproducts H2GC - 162 -2I1M2 
four-blade propeller on YP-47M airplane at approximate 
free -stream Mach number M Q of 0.40. F-5 


Figure 6. - Effect of power coefficient Cp on efficiency ri 
of Aeroproducts H20C-162-Z11M2 four-blade propeller at 
approximate free-stream Mach number Mq of 0.40. ..... F-6 

Figure 7. - Effect of power coefficient Cp on blade thrust 
load distribution at advance -diameter ratio J of approx- 
imately 1.75 and free-stream Mach number Mq of approxi- 
mately 0.40. Aeroproducts H20C -162 -X11M2 four-blade 


propoller. 
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Figure 8. - Effect of advance -‘diameter ratio J on blade 
thrust load distribution at power coefficient Cp of 
approximately 0.70 and free -stream Mach number Mq of 
approximately 0.40. Aeroproducts E20C-162-X11M2 four- 
blade propeller. 

(a) Cp, 0.70; J, 4.06; Mq, 0.40; M,., 0.51 F-ll 

(b) Cp, 0.72; J, 2.92; M Q , 0.40; Mj., 0.58 F-ll 

(c) Cp, 0.70; J, 2.19; M Q , 0.40; M^ 0.69 F-ll 

(4) Cp, 0.68; J, 1.73; M^ 0.38; M,., 0.79. F-12 

(©) Cp, 0.70; J, 1.58; M Q , 0.39; Mf., 0.87. F-12 

Figure .9. - Effect of advance -diameter ratio J on blade 
thrust load distribution at power coefficient Cp of 
approximately 0.90 and free-stream Mach number Mq of 
approximately 0.40. Aeroproducts H2CC-162-X11M2 four- 
blade propeller. 

(a) Cp, 0.91; J, 2.94; Mq, 0.40; Mfc, 0.59. ....... F-13 

(b) Cp, 0.88; J, 2.07; M^ 0.38; Mj., 0.69. F-13 

(c) Cp, 0196; J, 1.78; Mq, 0.39; Mf., 0.79 F-14 

(d) Cp, 0.89; J, 1.62; Mg, 0.38; 0.84 F-14 

Figure 10. - Characteristics of Aeroproducts H20C-162-XL1M2 
four-blade propeller on XP-47M airplane at approximate free- 
stream Mach number Mq of 0.50 F-15 

Figure 11. - Effect of power coefficient Cp on efficiency t] 
of Aeroproducts H20C-162-H1M2 four-blade propeller at 
approximate free-stream Mach number Mq of 0.50 
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Figure 12. - Effect of power coefficient Cp on "blade thrust 
load distribution at advance-diameter ratio J of approx- 
imately 2.80 and free-stream Mach number Mq of approxi- 
mately 0.50. Aero products H20C -162 -3ZL1M2 four -blade 


propeller. 

(a) Cp, 0.29; J, 2.83; Mq, 0.49; Mj., 0.73. . F-17 

(b) C P , 0.41; J, 2.78; Mq, 0.48; M,., 0.73. ....... F-17 

(c) Cp, 0.50; .J, 2.84; Mq, 0.49; Mj., 0.74. F-18 

(d) Cp, 0.61; J, 2.83; Mq, 0.49; Mf., 0.74 F-18 

(e) Cp, 0.72; J, 2.67; M q , 0.50; Mj., 0.77. F-19 

(f) Cp, 0.83; J, 2.90; Mq, 0.50; Mj., 0.73 i . . F-19 


Figure 13. - Effect of power coefficient Cp on blade thrust 
load distribution at advance -diameter ratio J .of approx- 
imately 4.40 and free-stream Mach number Mq of approxi- 
mately 0.50. Aeroproducts H2GC-162 -X11M2 four -blade 


» proneller. 

(a) _ Cp, 0.42; J, 4.52; 0.49; Mf., 0.59 F-20 

(b) Cp, 0.49; J, 4.36; Mq, 0.50; Mf., 0,61. . F-20 

(c) Cp, 0.72; J, 4.41; Mq, 0.50; Mj., 0.61. . F-20 

(d) Cp, 0.93; J, 4.36; Mq, 0.49; M,., 0.6l F-20 


Figure 14. - Effect of advance -diameter ratio J on blade 
thrust load distribution at power coefficient Cp of 
approximately 0.70 and free-stream Mach number Mq of 
approximately 0.50. Aeroproducts H20C-162-X11M2 four- 


blade pi-opeller. 








(a) Op y 0.69; 

J, 

3.42; 

Mo, 

0.49; 

Mfe, 

0. 

k 67 » rn n • 

• • • • 

(b) Cp, 0.70; 

J, 

3.01; 

V 

0.49; 

Mfc, 

0. 

.71. . . . 

.... F-21 

(c) Cp, 0,72; 


2.67; 

M o* 

0.50; 

Mfc, 

0. 

1 77 • • • » 

...» F— 22 

(d) Cp, 0.72; 

J# 

2.48; 

Mq, 

0.50; 

Mfc, 

0. 

* 83. • • • • 

.... F-22 
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Figure 15. - Effect of advance-diameter ratio J on the blade 
thrust load distribution at power coefficient Cp of approx- 
imately 0.91 and free-stream Mach number Mq of approxi- 
mately 0.50. Aeroproducts H20C -162 -X11M2 four -blade 


propeller . 

(a) Cp, 0.93; J, 4.36; I^,, 0.49; Mj., 0.61. ....;.. F-23 

(b) C p , 0.91; J, 3.05; M Q , 0.50; Mj., 0.72 P-23 


Figure 16. - Effect of advance-diameter ratio J -on blade 
thrust load distribution at power coefficient Cp of 
approximately 1.00 and free -stream Mach number Mq of 
approximately 0.50. Aeroproducts H20C -162 -211M2 four- 


blade propeller. 

(a) Cp, 1.01; J, 3.63; Mq, 0.48; M*., 0.64 F-24 

(b) Cp, 1.03; J, 3.15; M Q , 0.50; Mj., 0.70 F-24 
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Figure 4. - Top view of YP-47U airplane in test section of 
altitude winq tunnel showing propel | e r-s I i ps t ream survey 
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Figure 6*- Effect of power coefficient Cp on efficiency T) of Aeroproducts H20C-162- 
nure f oar -blade propeller at approiimate free-stream Mach number M 0 of 0.40. 
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Figure 7.- Effect of power coefficient C p on blade thrust 
load distribution at advance-diameter ratio J of approxi- 
mately 1.75 and free-stream Haeh number Mq of approxi- 
mately 0.40. Aeroproduets H20C-162-X11M2 four-blade 
propeller. 
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Cp, 0.49; J, 1.75 


0.40; V 


(d) C p# 0.59; J f 1.83; M 0 , 0.40; 0.80. 

Figure 7.— Continued* Effect of power coefficient Cp on 
blade thrust load distribution at advance-diameter ratio 
J of approximately 1.75 and free-streara Mach ‘number Mq 
of approximately 0.40. Aeroproducts H20C-162— X11M2 four 
blade propeller. t 
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PIgure 7.- Continued. Effect of power coefficient Cp on 
blade thrust load distribution at advance-diameter ratio 
J of approximately 1.76 and free-stream Mach number M 0 
of approximately 0.40. Aeroproducts H20C-162-X11M2 four- 
blade propeller. 
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J of approximately 1*75 and free-streara Mach number M 0 
of approximately 0.40* Aeroproducts H20C— 162— X11M2 four- 
blade propeller* 




Figure 8,- Effect of advance-diameter ratio J on blade 
thrust load distribution at power coefficient ' Cp of 
approximately 0.70 and free— stream Mach number M Q of 
approximately 0.40. Aeroproducts H20C-162-X11M2 four- 
blade propeller. 
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Figure 8.- Concluded. Effect of advance-diameter ratio J or 
blade thrust load distribution at power coefficient Cp of 
approximately 0.70 and free-stream Mach number M c of 
approximately 0,40. Aeroproduets H20C-162-X11M2 four-blade 
propeller. 
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fb) C p , 0.88; ‘ J, 2.07; ¥ 0 , 0.38; M t , 0.69. 

Figure 9.- Effect of advance -diameter ratio J orr blade 
thrust load distribution at power coefficient Cp of 
approxima tely 0.90 and free-stream Mach number M 0 of 
approximately 0.40* Aeroproducts H20C-162-X11M2 four- 
blade propeller. 
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(d) Cp, 0.89; J, 1.62; M Q , 0.38; M t , 0.84. 


Figure 9.— Concluded. Effect of advance— diameter ratio J on 
blade thrust load distribution at power coefficient Cp of 
approximately 0.90 and free— stream Mach number M 0 of 
approximately 0.40. Aeroproducts H20C-162-X11M2 four-blade 
propeller. 
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Figure 10.- Characteristics of Aeroproduets W20C-162-X11M2 four-blade propeller 
on YP-47M airplane at approximate free -stream Mach number M 0 of 0.50. 
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' Propeller power coefficient, Cp 

Figure 11.- Effect of power coefficient Cp on efficiency r\ of Aeroproducts H20C-168- 
X11M2 four-blade propeller at approximate free-stream Mach number M Q of 0 # 50, 
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Figure 12.- Continued. Effect of power coefficient Cp on 
blade thrust load distrlbutloh at advance-diameter ratio 
J of approximately 2.80 and free-stream Mach number 
of approximately 0.50* Aeroproduots H20C— 162— X11M2 four- 
blade propeller. 
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Figure 13.- Effect of power coefficient Cp on blade thrust 
load distribution at advance-diameter ratio J of approxi- 
mately 4.40 and free-stream Mach number M Q of approximately 
0.50. Aeroproducts H20C-162-X11M2 four-blade propeller. 
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(b) C p , 0.70; J, 3.01; M 0 , 0.49; M t , 0.71. * 

Figure 14.- Effect of advance-diameter ratio J on blade 
thrust load distribution at power coefficient Cp of 
approximately 0.70 and free-stream Mach number M 0 of 
approximately 0.50. Aeroproduots H20C-162-X11M2 four- 
blade propeller. 
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Cto) C p , 0.91 ; J, 3.05; M e , 0.50; M t , 0.72. 

Figure 15.- Effect of advance-diameter ratio J on blade 
^ thrust load distribution at power coefficient Cp of 
approximately 0.91 and free-stream Each number M 0 of 
approximately 0.50. Aeroproduet* H20C-1 62-X11X2 four- 
blade propeller. 
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J, 3.63; M 0 , 0.48; 0.64. 



1 - .3 .5 .7 .9 
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(b) Cp, 1.03; J, 3.15; *M 0 # 0.50; 1^, 0.70. 

Figure 16.— Effect of advance-diameter ratio J 
thrust load distribution at power coefficient 


on blade 


thrust load distribution at power coefficient Cp of 
approximately 1.00 and free-stream Mach number M 0 of 
approximately 0.50. Ae r opr o duets H20C-162— X11M2 four- 
blade propeller. 













